The arylsulfatase gene from Campylobacter jejuni 81-176 encodes a predicted protein of 69,293 Da which shows no sequence similarity with other known arylsulfatases. The gene hybridizes to other Ast ؉ strains of C. jejuni and Campylobacter sputorum subsp. bubulus, as well as to many Ast ؊ strains of C. jejuni.
conjugally mobilized (10) into an arylsulfatase-deficient strain of Campylobacter coli, VC167 (7) . All chloramphenicol-resistant transconjugants produced green colonies on Mueller-Hinton agar in the presence of XS.
The complete nucleotide sequence (3,147 bp) of the DNA insert in pYG665 is shown in Fig. 2 . Two complete open reading frames (ORFs) were revealed, as well as a third, truncated ORF. ORF1 consists of 807 bp and encodes a predicted protein with an M r of 30,795. ORF2 (called astA in the figure) is 1,860 bp in length and encodes a predicted protein with an M r of 69,293. The portion of ORF3 contained on this clone encodes a predicted protein with an M r of 5,555. The predicted protein encoded by ORF1 showed a significant match by a BLASTP search of GenBank to a Haemophilus influenzae homolog (HI0428) (3) of the E. coli dsbB gene (12) , which encodes an enzyme involved in disulfide bond formation. The predicted H. influenzae protein, which was identified by the genome sequencing project (3) on the basis of similarity to dsbB of E. coli, is 56% similar to the campylobacter protein (data not shown). The sequence similarity between the campylobacter protein and the E. coli protein was not significant by FIG. 1 . Restriction map of 81-176 DNA cloned in pYG655 and various subclones. The 12-kb insert in pYG655 was subcloned into pUC18 and/or pRY112, and arylsulfatase activity was determined on indicator plates. Ac, AccI; B, BamHI; E, EcoRI; Hc, HincII; P, PstI; RV, EcoRV; X, XbaI; CAT, chloramphenicol resistance cassette.
BLASTP analysis. The predicted proteins encoded by ORF2 and ORF3 did not show significant identity with known proteins. When ORF2 was disrupted by site-specific insertion into a unique EcoRV site (Fig. 1 ) of a campylobacter chloramphenicol resistance cassette (25) , the E. coli cells harboring this mutated allele became Ast Ϫ on XS indicator plates. Insertional inactivation upstream within ORF1 did not result in Ast Ϫ colonies (data not shown). Figure 3 shows the results of minicell analysis. The only protein unique to pYG660 (Fig. 3, lane b) and pYG666 (lane c) is one with an apparent M r of approximately 69,000, which corresponds to the M r of the protein encoded by ORF2. The apparent M r of this protein has been confirmed by additional gel analyses. The protein with a predicted M r of 30,795 encoded by ORF1 was not observed by minicell analysis. Proteins synthesized in minicells harboring pYG662/CAT indicate that the insertion of the chloramphenicol acetyltransferase (CAT) cassette caused loss of expression of the approximately 69,000-M r protein (Fig. 3 , lane e), suggesting that ORF2 encodes the arylsulfatase gene. This gene has been termed astA. The ␤-lactamase gene product (at approximately 31K) is not visible on this gel but was seen at levels much lower than the CAT gene product on other gels (data not shown).
When the 4.6-kb PstI fragment containing the CAT-inactivated arylsulfatase gene was purified from pYG662 and used directly to transform (6, 22) C. jejuni 81-176 to chloramphenicol resistance, 12 of 12 Cm r transformants were negative on XS plates. DNAs from 81-176 and two Cm r transformants, 803 and 804, were analyzed by Southern blot using a 0.5-kb EcoRI- EcoRV fragment internal to the astA gene as a probe. The results (not shown) indicated that the 3.1-kb fragment in 81-176 had increased in size to 3.9 kb in both mutants (the CAT cassette is 0.8 kb). A similar Southern blot using the CAT cartridge as a probe confirmed that the CAT gene hybridized to a 3.9-kb PstI-AccI fragment in both mutants but did not hybridize to wild-type 81-176 DNA (data not shown).
Arylsulfatase activity was measured by the method of Henderson and Milazzo (9) , and the results are shown in Table 1 . Campylobacters were grown for 18 to 20 h on a defined medium (1) supplemented with 1% Casamino Acids, 10 g of thiamine per ml, and 1 mM methionine, and E. coli cells were grown for 18 to 20 h on M9 medium (18) supplemented with 0.25% succinate, 1 mM MgSO 4 , 40 g each of leucine and proline per ml, and 10 g of thiamine per ml. Arylsulfatase activity was detectable in 81-176 only in the presence of tyramine. In the isogenic mutants 803 and 804, no arylsulfatase activity was detected in the presence or absence of tyramine. Similarly, there was no detectable enzyme activity in C. coli VC167 with or without tyramine, but tyramine-inducible arylsulfatase activity was present when VC167 harbored pYG666. In E. coli HB101(pYG666), some activity was seen in the absence of tyramine but there was a 16-fold induction in the presence of tyramine. No activity was detectable in HB101 harboring pYG662, in which astA had been disrupted with the CAT cassette.
The astA probe described above was used to probe DNA from several Campylobacter strains. These data are summarized in Table 2 , and representative hybridization patterns are seen in Fig. 4 . Strong hybridization to all six C. jejuni strains other than 81-176 which were phenotypically Ast ϩ was seen. The pattern of hybridization to oral campylobacters was variable. The probe hybridized to Campylobacter sputorum subsp. bubulus but not to Campylobacter curvus or Campylobacter concisus. No hybridization to the two Ast Ϫ C. coli strains tested, VC167 and VC97, or to one strain of Ast Ϫ C. jejuni, HC, was (Fig. 2) were used to amplify astA by PCR. These primers synthesized the predicted 1.7-kb fragment from 81-176 but synthesized a 1.3-kb fragment from Ast Ϫ , probe-positive strains TGH9011, MSC57360, PC72, VC74, and VC83 (data not shown), suggesting that an internal deletion had occurred in all of these strains. No inverted or direct repeats which could potentially be involved in such a deletion event, however, were observed in the 81-176 astA sequence.
The predicted protein encoded by astA does not show any sequence identity with known arylsulfatases (11, 14, (19) (20) (21) . Divergence among bacterial arylsulfatases has been shown previously at the protein level. Yamada et al. (24) showed that antibodies prepared against arylsulfatase from Klebsiella aerogenes cross-reacted with proteins from E. coli and Citrobacter, Salmonella, and Enterobacter spp. but not with the arylsulfatases from Serratia, Proteus, and Erwinia spp. However, the campylobacter enzyme, like other bacterial arylsulfatases, is induced by tyramine (9, 13, 15) . The high level of similarity of the C. jejuni astA gene to C. sputorum subsp. bubulus, but not to other oral campylobacters tested, suggests further diversity among arylsulfatases.
The possibility that arylsulfatases may also be virulence determinants in enteropathogenic Campylobacter spp. is currently being investigated with animal models of diarrheal disease. In addition, we are exploring the use of astA as a reporter gene for studying gene regulation in Campylobacter spp.
Nucleotide sequence accession number. The sequence described in this report has been deposited in GenBank under accession number U38280.
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